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(57) ABSTRACT

In a ball screw (1), comprising a screw shaft (3), a nut (7)
threaded onto the screw shaft via a plurality of balls (9)
received in a raceway (8) defined between the two parts, an
end deflector receiving recess (6) is formed on each axial
end thereof to complementarily receive an end deflector (21)
which defines a part of the raceway in cooperation with an
opposing part of the nut, wherein the end deflector is
provided with a pair of engagement claws (31, 32) that
engage corresponding parts of the thread (4) formed on the
nut. Thereby, the need for a special engagement feature or
other arrangement for attachment is eliminated, and still a
highly firm and accurate engagement is ensured between the
nut and the end deflector.

10 Claims, 10 Drawing Sheets
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1
BALL SCREW WITH AN IMPROVED END
DEFLECTOR

BACKGROUND OF THE INVENTION

The present invention relates to a ball screw including a
screw shaft and a nut that are meshed with each other via a
number of balls, and in particular to a ball screw having an
end deflector for the balls fitted at least in one end of the nut.

The ball screw typically includes a screw shaft having a
thread formed on an outer circumference thereof, a nut
having a central bore and defining a thread corresponding to
the thread on the screw shaft on an inner circumferential
surface thereof so as to define a spiral raceway, and a
plurality of steel balls received in the raceway so that the
rotational motion of the screw shaft may be converted into
a linear motion of the nut in a highly efficient and accurate
manner. The balls exiting from one end the raceway have to
be returned the other end of the raceway typically via a ball
return hole passage which may be formed by an external
tube member or formed in the nut itself In either case, an end
deflector is formed in each axial end of the nut to pass the
steel balls from the raceway to the ball return hole passage
or vice versa.

JP 2007-24305A discloses a ball screw in which an end
deflector consisting of two pieces is attached to each axial
end of the nut by using screws. JP 2011-241852A discloses
a plastic end deflector which is simply fitted into a recess
formed in each axial end of the nut. A bonding agent and a
retaining ring are mentioned as possible means for fixedly
retaining the end deflector in the recess. An engagement
feature is also disclosed as a means for retaining the end
deflector which is configured to be fitted into a recess in the
nut from the outer circumferential surface of the nut.

JP 2007-40469 A discloses a plastic end deflector which is
provided with a resilient circumferential projection fitted
into a corresponding slot in the nut so as to produce a
resilient torque urging the end deflector against the opposing
inner circumferential surface of the recess receiving the end
deflector. JP 4335222B discloses a ball screw which uses a
retainer ring for securing an end deflector received in an end
deflector receiving recess of the nut.

These conventional retaining structures for an end deflec-
tor either require highly complex structures or may not be
suitable for adequately securely and accurately retaining the
end deflector. Therefore, there is a need for a ball screw
which is incorporated with an improved arrangement for
securing an end deflector.

SUMMARY OF THE INVENTION

In view of such problems of the prior art, a primary object
of the present invention is to provide a ball screw incorpo-
rated with an end deflector which is simple in structure and
easy to assemble.

A second object of the present invention is to provide a
ball screw incorporated with an end deflector which is
capable of operating in a both efficient and accurate manner.

A third object of the present invention is to provide a ball
screw incorporated with an end deflector which is economi-
cal.

According to the present invention, such objects can be
accomplished by providing a ball screw, comprising a screw
shaft having a thread formed on an outer circumference
thereof, a nut having a central bore and defining a thread
corresponding to the thread on the screw shaft on an inner
circumferential surface thereof so as to define a spiral
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raceway, and a plurality of balls received in the raceway, the
nut including an end deflector receiving recess formed at
least on one axial end thereof to complementarily receive an
end deflector which defines a part of the raceway in coop-
eration with an opposing part of the nut, wherein the end
deflector is provided with an engagement claw that engages
a part of the thread formed on the nut.

The use of the groove of the thread on the nut for engaging
the corresponding claw of the end deflector eliminates the
need for a special engagement feature or other arrangement
for attachment and still ensures a highly firm and accurate
engagement between the nut and the end deflector.

A particularly favorable engagement can be achieved in
terms of both accuracy and mechanical strength when the
claw includes an arcuate profile which is complementary to
a corresponding contour of the thread of the nut.

To allow the engagement claw to be readily deformed
without causing any undue stress to the claw or the sur-
rounding part of the end deflector, the end deflector may be
provided with a slot formed adjacent to the engagement
claw.

To facilitate the assembling of the end deflector to the nut,
preferably, the end deflector is configured to be inserted
axially into the end deflector receiving recess, and the
engagement claw is provided with an axial slope which
diminishes in height toward a forward end of the engage-
ment claw.

According to a particularly preferred embodiment of the
present invention, the end deflector is provided with a sector
form including a pair of radial faces, an outer circumferen-
tial face and an inner circumferential face conforming to an
inner circumferential surface of the nut.

This allows not only a firm retention of the end deflector
in the end deflector receiving recess but also a favorable
continuation of the raceway for the balls into and away from
the end deflector.

The engagement claw may be provided on each of the
radial faces adjacent to the inner circumferential face of the
end deflector for a stable retention of the end deflector. For
a similar effect, the outer circumferential surface of the end
deflector may be provided with an engagement feature that
cooperates with a corresponding engagement feature pro-
vided on a corresponding part of an inner surface of the end
deflector receiving recess.

When at least one of the radial faces of the end deflector
includes a radially inwardly facing part which abuts an
opposing inner surface part of the end deflector receiving
recess, the positioning of the end deflector in the end
deflector receiving recess with respect to the radial direction
can be particularly accurately made.

For a particularly simple nut design, the nut may be
provided with a ball return hole while the end deflector is
provided with a guide recess for guiding the balls between
the raceway and the ball return hole. A particularly com-
mercially favorable result can be achieved when the screw
shaft is made of metallic material, and the nut and the end
deflector are made of plastic material.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF DRAWINGS

Now the present invention is described in the following
with reference to the appended drawings, in which:

FIG. 1 is a fragmentary perspective view of a ball screw
embodying the present invention;

FIG. 2 is a fragmentary longitudinal sectional view of the
ball screw;
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FIG. 3 is an exploded perspective view of the ball screw;

FIG. 4 is a fragmentary perspective view showing how an
end deflector is fitted into an end deflector receiving recess
of a nut;

FIG. 5 is a fragmentary perspective view showing the end
deflector fully fitted into the end deflector receiving recess of
the nut;

FIG. 6 is a bottom perspective view of the end deflector;

FIG. 7 is a rear perspective view of the end deflector;

FIG. 8 is a longitudinal sectional view of the end deflec-
tor;

FIGS. 9a and 95 are fragmentary sectional views showing
the process of fitting the end deflector into the end deflector
receiving recess; and

FIGS. 10a and 105 are other fragmentary sectional views
showing the process of fitting the end deflector into the end
deflector receiving recess.

DETAILED DESCRIPTION OF THE
INVENTION

A ball screw 1 given as a preferred embodiment of the
present invention is described in the following. In the
following description, the orientations of various parts of the
ball screw will be based on the definition given in FIG. 4.

Referring to FIG. 3, the ball screw 1 includes a screw
shaft 3 formed with an external thread 2 of a prescribed lead
on the outer circumference thereof, and a nut 7 having a
cylindrical shape and a hollow interior having an internal
thread 4 (corresponding to the thread of the screw shaft 3)
formed on the inner circumferential thereof. The nut 7 is
engaged by the screw shaft 3 such that a helical ball raceway
8 (FIG. 2) is defined between the threads 2 and 4 of the nut
7 and the screw shaft 3. An end deflector receiving recess 6
is formed in each axial end of the nut 7 to receive a
corresponding end deflector 21 therein. A ball return hole 15
extends in the nut 7 in an axial direction. Alternatively, such
a ball return hole 15 may be formed by using an external
member such as a pipe. A part of the ball return hole 15 may
be formed by the nut 7 in cooperation with the end deflectors
21 as will be discussed hereinafter. A number of steel balls
9 are received in the ball raceway 8 and the ball return hole
15 which jointly form an endless loop of the path for the
steel balls 9. As the two end deflectors 21 are essentially
identical to each other, only one of them may be discussed
in most of the following description.

The screw shaft 3 of the illustrated embodiment consists
of a roll formed stainless steel member, and the nut 7
including the end deflectors 21 consists of injection molded
plastic members. However, the screw shaft 3 may also
consist of an injection molded plastic member, a bearing
steel member, a carbon steel member or the like. The thread
may also be formed by injection molding, machining or the
like, instead of roll forming. In the illustrated embodiment,
the nut 7 is formed with a rectangular flange 10 on the outer
periphery thereof for attaching a member to be actuated
thereto.

Referring to FIG. 4, the left edge of each end deflector
receiving recess 6 is defined by a substantially radial surface
(or radially extending face) 6¢ which connects to an outer
circumferential surface 6d thereof with a smooth curve, and
the right edge of the deflector recess 6 is defined by a
crank-shaped radial surface 65 such that the outer part of the
right edge is circumferentially more advanced than the inner
part of the right edge. Similarly as the left edge, the outer
part of the right radial surface connects to the outer circum-
ferential surface 64 of the end deflector receiving recess 6
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with a smooth curve. A circular positioning recess 16 is
formed in a left end of a bottom surface 6a of the end
deflector receiving recess 6, and the ball return hole 15
opens out at a bottom surface of the positioning recess 16 so
as to define an annular shoulder around the open end of the
ball return hole 15. Thus, the end deflector receiving recess
6 is defined by a pair of radial surfaces 65/ and 6¢ and an
outer circumferential surface 6d, and the inner circumfer-
ential side of the end deflector receiving recess 6 is open
toward the inner hollow part of the nut 7, defining a break
in the cylindrical inner circumferential surface of the nut 7.

An engagement projection 17 is formed on the outer
circumferential surface 64 of the end deflector receiving
recess 6 which includes an elevated middle part, an upper
gradual slope 17a that smoothly connects the elevated
middle part to the base part of the outer circumferential
surface 64 in the vertically upward direction and a lower
steep slope that again smoothly connects the elevated middle
part to the base part of the outer circumferential surface 64
in the vertically downward direction.

As best shown in FIGS. 4 to 8, the end deflector 21 is
provided with a generally part-cylindrical shape or sector-
shape which is complementary to the end deflector receiving
recess 6. So as to correspond with the crank-shaped right
radial surface 64 of the end deflector receiving recess 6, the
end deflector 21 is provided with a circumferential extension
21 f in the right outer part thereof. Downwardly from the left
end of the bottom part of the end deflector 21 extends a
semi-cylindrical extension 24 that fits into the circular
positioning recess 16 in the bottom surface 6a of the end
deflector receiving recess 6 and abuts the annular shoulder
defined around the opening of the ball return hole 15 while
defining an extension of the ball return hole 15 with an inner
circumferential surface thereof.

The lower part of an inner circumferential face 21a of the
end deflector 21 is provided with a circumferential guide
groove 23 that smoothly connects the raceway 8 with the
ball return hole 15. The left end of the lower part of the inner
circumferential face 21a of the end deflector 21 is provided
with a projection or a tongue 22 that is configured to scoop
up or otherwise guide the balls 9 that are passed between the
ball return hole 15 and the raceway 8. The lower part of the
guide groove 23 is defined by a substantially vertical surface
23a for allowing the end deflector 21 to be removed from the
molding die during the manufacturing process.

As shown in FIGS. 7 and 8, an outer circumferential face
21d of the end deflector 21 is formed with an engagement
recess 25 which is formed with an upper slope 25a corre-
sponding to the upper gradual slope 174 of the engagement
projection 17, and is substantially complementary to the
engagement projection 17. As shown in FIGS. 6 and 8, an
arcuate slot 27 concentric to the end deflector 21 is formed
in the boom face of the end deflector 21. In the illustrated
embodiment, this slot 27 communicates with the bottom end
of the engagement recess 25 although it is not essential for
the present invention. Therefore, a resiliently deformable
arcuate wall part 26 is formed in the middle part of the lower
outer circumferential part of the end deflector 21.

As best illustrated in FIG. 6, a first engagement claw 31
is formed on a left radial face 21¢ of the end deflector 21
adjacent to the lower corner of the inner circumferential face
thereof This claw 31 is provided with a slope 31a which
smoothly connects the projecting part of the claw 31 with the
remaining part of the left radial face 21c¢ as the slope 31a
extends downward. The upper end of the claw 31 is given
with an arcuate profile 315 so as to be complementary to the
groove of the thread 4 of the nut 7. A slot 33 is cut under the
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claw 31 from the inner circumferential face 21a of the end
deflector 21 to enable the claw 31 to deflect resiliently more
readily.

Similarly, a second engagement claw 32 is formed on a
right radial face 215 of the end deflector 21 adjacent to the
upper corner of the inner circumferential face 21a thereof.
This claw 32 is provided with a slope 32a which smoothly
connects the projecting part of the claw 32 with the remain-
ing part of the right face 215 as the slope 32a extends
downward. The upper end of the claw 32 is also given with
an arcuate profile 326 so as to be complementary to the
groove of the thread 4 of the nut 7. A slot 34 is cut under the
claw 32 from the inner circumferential face 21a of the end
deflector 21 to enable the claw 32 to deflect resiliently more
readily.

How this end deflector 21 can be assembled to the nut 7
is discussed in the following with reference to FIGS. 4, 9 and
10.

First of all, the end deflector 21 is fitted into the end
deflector receiving recess 6 from above as indicated by the
arrow in FIG. 4. As the outer profile of the end deflector 21
corresponds to the inner profile of the end deflector receiv-
ing recess 6 as seen in plan view, the end deflector 21 can
be effortlessly forced into the end deflector receiving recess
6 until the upper gradual slope 17a of the engagement
projection 17 abuts the outer circumferential face 21d of the
end deflector 21 as shown in FIG. 9a. By further pushing
down the end deflector 21, the end deflector 21 can be fully
forced into the end deflector receiving recess 6 owing to the
resilient or elastic deformation of the elastic arcuate wall
part 26 of the end deflector 21. FIG. 9a shows the arcuate
wall part 26 already in a slightly deflected state. This process
is facilitated by the presence of the upper gradual slope 17a
of the engagement projection 17 and the arcuate slot 27.

Also, as the end deflector 21 is forced into the end
deflector receiving recess 6 in this manner, the first and
second claws 31 and 32 are resiliently deformed by the
opposing surfaces of the end deflector receiving recess 6.
This process is facilitated by the presence of the slots 33 and
34 and the slopes 31a and 32a.

Once the end deflector 21 is fully received in the end
deflector receiving recess 6 or the bottom face of the end
deflector 21 has abutted the bottom surface 6a of the end
deflector receiving recess 6, the engagement projection 17 of
the end deflector receiving recess 6 is fully fitted in the
engagement recess 25 of the end deflector 21 as shown in
FIG. 956 on the one hand, and the first and second claws 31
and 32 are engaged by the corresponding parts of the thread
4 of the nut 7 as shown in FIG. 105 on the other hand. The
arcuate profiles 315 and 325 of the first and second claws 31
and 32 ensure a firm and accurate engagement between the
claws 31 and 32 and the corresponding parts of the groove
4 of the nut 7. As a result, the end deflector 21 is firmly
retained in the end deflector receiving recess 6, and is
accurately positioned in the end deflector receiving recess 6
with respect to the axial direction.

In the illustrated embodiment, the right radial face 215 of
the end deflector 21 is crank-shaped such that a radially
inwardly facing face 21e is defined in a radially middle part
of'the right radial face 215. Once the end deflector 21 is fully
received in the end deflector receiving recess 6, this radially
inwardly facing face 21e abuts an opposing complementary
surface 6e of the end deflector receiving recess 6 so that the
end deflector 21 is accurately positioned in the end deflector
receiving recess 6 with respect to the directions perpendicu-
lar to the axial direction.
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The positioning of the end deflector 21 with respect to the
end deflector receiving recess 6 is particularly important for
ensuring a smooth connection between the thread of the nut
7 and the guide groove 23 and between the guide groove 23
and the ball return hole 15.

Thereafter, the balls 9 are filled into the raceway 8 and the
ball return hole 15 while inserting a rod (or a tube) (not
shown in the drawings) having an outer diameter slightly
smaller than the minor (root) diameter of the thread shaft 3.
The screw shaft 3 is then threaded into the nut 7 so as to push
out the rod inserted in the nut 7 until the rod is completely
pushed out of the nut 7.

Alternatively, the balls may be filled into the raceway 8
and the ball return hole 15 with only one of the end
deflectors 21 fitted in the corresponding end deflector receiv-
ing recess 6 and the screw shaft 3 already threaded in the nut
7. The remaining end deflector 21 is fitted into the corre-
sponding end deflector receiving recess 6 after all the balls
9 are filled into the raceway 8 and the ball return hole 15.

The ball screw 1 is typically used as a part of a linear
actuator in machine tools, measuring instruments, etc. The
screw shaft 3 is connected to a rotative actuator such as an
electric motor and a reduction gear unit, and the nut 7 is
connected to a component to be actuated via the flange 10.
As the screw shaft 3 is turned, the nut 7 along with the
component to be actuated is linearly actuated owing to the
meshing between the threads of the screw shaft 3 and the nut
7 via the balls 9. The balls 9 are scooped up by one of the
end deflectors 21 as the balls 9 reach the corresponding end
of the raceway 8, and guided into the ball return hole 15 to
be put back into the other end of the raceway 8 via the ball
return hole 15. In the illustrated embodiment, because the
nut 7 and the end deflectors 21 are made of plastic material,
not only the overall weight of the ball screw 1 is reduced but
also the noises that may be caused by the balls 9 traveling
in the raceway 8 and the ball return hole 15 can be reduced.

Although the present invention has been described in
terms of a preferred embodiment thereof, it is obvious to a
person skilled in the art that various alterations and modi-
fications are possible without departing from the scope of
the present invention which is set forth in the appended
claims. For instance, instead of the projection 17 in the inner
circumferential surface 64 of the end deflector receiving
recess 6 and the recess 25 in the outer circumferential face
21d of the end deflector 21, a projection 17 may be formed
in the inner circumferential surface 64 of the end deflector
receiving recess 6 while a corresponding recess is formed in
the outer circumferential face 214 of the end deflector 21 for
a similar effect.

The contents of the original Japanese patent application
on which the Paris Convention priority claim is made for the
present application as well as the contents of the prior art
references mentioned in this application are incorporated in
this application by reference.

The invention claimed is:

1. A ball screw, comprising a screw shaft having a helical
thread formed on an outer circumference thereof, a nut
having a central bore and defining a helical thread corre-
sponding to the helical thread on the screw shaft on an inner
circumferential surface thereof so as to define a spiral
raceway, and a plurality of balls received in the raceway, the
nut including a ball return hole extending therein in an axial
direction and an end deflector receiving recess formed at
least on one axial end thereof to complementarily receive an
end deflector which defines a part of the raceway in coop-
eration with an opposing part of the nut and connects the
raceway with the ball return hole,
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wherein the end deflector is provided with a tongue that
projects from an inner circumferential face of the end
deflector to guide the balls that are passed between the
ball return hole and the raceway, and

wherein the end deflector is provided with an engagement

claw on a circumferential end face thereof, such that the
engagement claw engages a part of the helical thread
formed on the nut so as to retain the end deflector in the
end deflector receiving recess of the nut in the axial
direction.

2. The ball screw according to claim 1, wherein the claw
includes an arcuate profile which is complementary to a
corresponding contour of the thread of the nut.

3. The ball screw according to claim 1, wherein the end
deflector is provided with a slot formed adjacent to the
engagement claw.

4. The ball screw according to claim 1, wherein the end
deflector is configured to be inserted axially into the end
deflector receiving recess, and the engagement claw is
provided with an axial slope which diminishes in height
toward a forward end of the engagement claw.

5. The ball screw according to claim 1, wherein the end
deflector is provided with a sector form including a pair of
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radial faces, an outer circumferential face and an inner
circumferential face conforming to an inner circumferential
surface of the nut.

6. The ball screw according to claim 5, wherein the
engagement claw is provided on each of the radial faces
adjacent to the inner circumferential face of the end deflec-
tor.

7. The ball screw according to claim 5, wherein the outer
circumferential surface of the end deflector is provided with
an engagement feature that cooperates with a corresponding
engagement feature provided on a corresponding part of an
inner surface of the end deflector receiving recess.

8. The ball screw according to claim 5, wherein at least
one of the radial faces of the end deflector includes a radially
inwardly facing part which abuts an opposing inner surface
part of the end deflector receiving recess.

9. The ball screw according to claim 1, wherein the nut is
provided with a ball return hole, and the end deflector is
provided with a guide recess for guiding the balls between
the raceway and the ball return hole.

10. The ball screw according to claim 1, wherein the
screw shaft is made of metallic material, and the nut and the
end deflector are made of plastic material.
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